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Endonuclease activity has been detected in association with highly purified virions, pentons, and/or dodecons of adenovirus types 2, 3, 5, 9, 12, 15 The adenovirusassociated endonuclease activity was reported to make only double-stranded scissions at specific sites coinciding with the guanine-cytosinerich regions of the adenovirus genome (1, 2) . It was concluded by Burlingham and Doerfler (2) that the detected endonuclease activity was viral specific and virion associated. We report here the association of a single-strand scission endonuclease activity with virion-derived and excess pool viral structural components of representative serotypes from all three subgroups of human adenoviruses. We also report the use of a newly developed highly sensitive ethidium bromide fluorimetric assay (6) for detection of the adenovirus-associated endonuclease activity.
When highly purified adenovirus virions were tested for the presence of endonuclease, no such activity was detectable with the assay conditions used (see legend to Fig. 1 (5) or by several cycles of freeze-thawing. Virus particles were separated from structural components by centrifugation on discontinuous CsCl gradients (5), followed by two cycles of equilibrium centrifugation in CsCl. Virionderived pentons, hexons, and DNA-containing cores were prepared as described. All virion-derived components were obtained from purified virion preparations diluted to contain the same optical density at 260 nm per ml. As samples were identified by code numbers only, no effort was made to quantitate the actual amount of endonuclease activity present in each preparation. Excess pool pentons were isolated by anion exchange chromatography on DEAE-Sephadex A25 combined with exclusion chromatography on spherical agarose (Bio-Gel A5m 
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The assay system used for detection of adenovirus-associated endonuclease activity is based on the fluorescence enhancement of ethidium bromide bound to duplex DNA (4). By using a circular DNA substrate (PM2 phage DNA; mol wt, 6 x 106) a very sensitive assay is obtained, since a single "nick" per closed circular DNA molecule will give rise to a relaxed circular molecule which can take up more ethidium bromide (the topological constraints of superhelical DNA having been removed). The assay is made still more sensitive by working at pH 12, since nicked molecules, after heat treatment, give no fluorescence in contrast to superhelical DNA in which, upon cooling, 100% return of fluorescence is obtained because the strands cannot separate (Fig. 1) . The sensitivity of the assay is such that picogram levels of nuclease can be detected (6) .
Adenovirus components carrying associated endonuclease activity (adenovirus 3 dodecons or adenovirus 5 virion-derived pentons) were incubated with PM2 DNA molecules in a concentration which allowed 50% nicking of the DNA molecules. The product was submitted to neutral sedimentation velocity centrifugation, after which a peak corresponding to superhelical DNA and a 23S peak corresponding to relaxed DNA circles were obtained. After centrifugation under alkaline conditions, rapidly sedimenting superhelical DNA and two peaks of equal size with S values of 24 and 27.5, corresponding to single-stranded circular and linear molecules of unit length, were observed. This would indicate that only single-stranded breaks (scissions or nicks) had occurred.
These results confirm the presence of an endonuclease activity with human adenoviruses, as detected by the ethidium bromide fluorimetric assay procedure, and substantiate the probable ubiquitous nature of the endonuclease activity within the adenovirus group. Contrary to previous communications (2, 3) , data accumulated in this study have indicated that, under the test conditions used, the endonuclease manifests itself through single-strand scission activity. Also in conflict with previous reports (2, 3), it has not been possible to demonstrate intact virion-associated endonuclease activity, whereas it has been possible to readily obtain endonuclease activity in association with virion-derived pentons. No evidence has as yet been presented for any specific biological function of the adenovirus-associated endonuclease. Extensive studies are now underway in this laboratory to determine if the endonuclease activity has a functional role in the virus-infected cell system.
